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@ Human natural inhibitor of coHagenases. 

@ This invention refers to the novel 184 amino acid 
sequence of a human natural Inhibitor of collagenases |NIC| 
and Hs production. It also refers to novel DNA and RNA 
sequences, plasmids, transformed prokaryotic and eulcaryo- 
tlc ceils, the production of NIC amino acid sequences with 
and without glycosylation, end compositions containing 
these novel NICs to treat diseases that incorporate collage- 
nase^type metalloproteinases as part of the disease process. 
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Our NO. 24 963 

6.D. Searle & Co. 
Skokie, II. 60076, USA 

HUMAN NATURAL INHIBITOR OF COLLAGENASES 



T^fipynRonKD OF THR TNVERTIQN 
(1) p^f>^r^ of the Tnvpntipn 

This invention describes the hovel amino acid sequence of a hunan 
natural inhibitor of collagenases (NIC) and its production and 
use. Also described are novel DNA and RNA sequences r plasmids, 
transformed prokaryotic and eukaryotic cells , the production of 
NIC amino acid sequences with and without glycosylationr and the 
use of these novel NICs to treat diseases that incorporate 
collagenase-type metalloproteinases as part of the disease 
proc ss. 
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(2) PfcrrSptjon Of thp Prior Art 

There is a need for the discovery of inhibitors of collagenase and 
related metal loproteinases and methods for their production and 
pharmaceutidal use in the treatment of diseases in which 
connective tissue damage is caused by the metalloproteinases. 

Connective tissues are maintained in dynamic equilibrium by the 
opposing effects of cellular connective tissue synthesis and 
extracellular matrix degradation. The extracellular matrix 
consists predominantly of collagensr with proteoglycans, 
fibronectin, laminin and other minor components making up the 
r€:ii*cinder» 
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Degradation of the matrix is broucht about by the release of 
neutral retalloproteinases from resident connective tissue cells 
and invading inflammatory cells that are capable of degrading at 
physiological pH roost of the matrix macroroolecules (Murphy, G. , 
Cawston, T.E., Gallowayr W.A., Barnesr M.J., Bunning, R.A.D., 
Merceir E. , Reynolds, J.O.r & Burgeson, R.E. (1981) Bioches, J. 
199 . 807-811) . The proteinases include the mammalian tissue 
collagenases, proteoglycanase and gelatinasesj leukocyte 
collagenase and gelatinase (Hurphy» G., Reynolds, J.J., Bretz, U. 
& Baggiolini M. , (1982) Biochem. J. Ifil 209-221); macrophage 
collagenase and elastase (Werb, Z. & Gordon S. (1975) J. Exp. Med. 
142 346-360; and Banda, J.M., & Kerb, Z., (1981) Biochem. J. ISl 
589-605} and tumour collagenases (Liotta, L.A., Abe, S. , Robey, 
P.G., & Martin, G.R. (1979) Proc. Natl. Acad. Sci. USA IS. 2268-2272 
and Liotta, L.A. , Lanzer, W.L. r fi Garbisa, S. (1981) Biochem. 
Biophys.Res. Commun. Ifi 184-190). For a general review of 
collagenase and its role in normal and pathological connective 
tissues see" "Collagenase in Normal and Pathological Connective . 
Tissues", edited by David E. Woolley and John M. Evanson, John 
Wiley & Sons Ltd.r 1580. The underlying basis of degradative 
diseases of connective tissue points to the matrix-specific 
metalloproteinases as having a fundamental role in the aetiology 

of these diseases. This is exemplified by Eisen for epiderroolysi 

i 

bullosa where the disease is linked to the overproduction of 
collagenase (Bauerr E.A. , i Eisen, A.Z. (1978) J. Exp. Med. Hfi 
1378-1387. In rheumatoid arthritis, the work of Evanson and • 
coworkers (Evanson, J.M. , Jeffrey, J.J. & Krane, S.H. (1968) J. 
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Clin. Invest, ill 2639-2651) provided the discovery that larce 
amounts of collagenase are produced, in culture, by excised 
rheumatoid synovial tissue. This led to immunolocalisation 
studies, by Woolley (Woolley, D.E,, Crossiey, M.J., Evanson, J.M. 
(1977) Arthritis & Rheu. 2S. 1231-1239) with monospecific 
antibodies directed against human rheumatoid synovial collagenas 
which detected high levels of immunoreactive collagenase at the 
sites of joint erosipn (cartilage-pannus junctions) but not in the 
cartilage or associated chondrocytes , and not in the synovium at 
sites remote from the resorbing front. Collagenase has also been 
implicated as the agent responsible for the degradation of 
collagen in corneal ulceration and, indeed, collagenase inhibitors 
are used in the treatment of this disorder (Brown, S. £ Hook C. , 
1971 J. Opthalmol. 22 1139 - 1142| Slansky, Dohlman, Berman, 1970 
2 488-491). In the field of tumour invasion the metastatic 

« 

potential of some particular tumours correlates with the increased 
potential to synthesis and secrete collagenases (Liotta, L.A. , 
Tryggvason,*K. , Garbisa, S., Hart, I., Poltz, CM., Shafie, S. 
(1980) Nature 2M.) or the inability to secrete significant amounts 
of (Hicks., N.J., Ward, R.V, & Reynolds, J.J. (1984) Int. J. 
Cancer, 32," 835-844) . Most of the studies mentioned above have 
limited the measurement of metalloproteinases to collagenase (the 
most widely studied of this group of metalloproteinases) . 
However, it is known that cells and tissues secrete in addition to 
collagenase significant quantities of related metalloproteinases 
with additional matrix degrading specificities. It is therefore 
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understood that the simultaneous effects of several 
metalloproteinases will exacerbate the degradation of the 
connective tissue over that achieved by collagenase alone. 

Thus it is perceived that specific inhibitors of collagenase-like 
metalloproteinases when used in pharmacological formulation are 
likely to modify the pathogenesis and provide a beneficial therapy 
for diseases of connective tissues characterised by matrix % 
degradation of which the following are examples: rheumatoid 
arthritis? corneal # epidermal or gastric ulceration; emphysema; 
dystrophic epidermolysis bullosa; tumour metastasis or invasion; 
periodontal disease; and bone disease. Also, the use of such 
agents is likely to be useful in the treatment of any disorder 
where excessive matrix loss is caused by metalloproteinase 
activity and in the promotion of wound healing following surgery* 

NIC, isolated from connective tissue fibroblasts, is a potent 
inhibitor of mammalian collagenases. MIC binds to collagenase 
with 1:1 stoichiometry and vith high affinity such that the 
inhibition of collagenase by NIC is virtually irreversible 
(Cawston, T.E., Murphy, G. , Mercer, E. , Galloway, W.A,, Hazleinan 
'B.L. , Reynolds, J.J. (1983) Biochem. J. 211 313-318). The high 
affinity means that physiologically NIC will be able to compete 
successfully against collagen (Km for human rheumatoid synovial 
collagenase is 2 x 10""^m) even when the collagen is' in 
considerable molar excess. 
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We assert that therapeutic administration of human NIC produced by 
the methods of this invention in genetically ngine red micro- 
organisms or mammalian cells is useful in the clinical treatment 
of connective tissue disorders. Such genetic engineering methods 
provide sufficient material to enable the Clinical testing of NIC 
and unglycosylated NIC as a demonstration . of its safety and 
efficacy. 

Specific natural inhibitors of collagenase were discovered in 
crude medium from cultured connective tissues. Since their 
discovery they have been systematically studied and biochecically 
characterised although mainly in relation to their physico- 
chemical properties and the biochemistry of their interaction with 
collagenase (Cavston, T.E. , Murphy r 6* r Hercerr £. r Galloway, 
V7.A. r Bazleman, B.L. , Reynolds, J.J. (1983) Biochem. J. 211 
313-318; and Welgus, E.G., Stricklin, G.P. , Eisen, A.Z., Bauer, 
E.A. r Cooney, R.V. , Jeffrey, J.J. (1978) J.Biol. Chem. 254 
1938-1943) Human NIC is a glycosylated single chain polypeptide 
with approximately 12% carbohydrate. The first twenty-three amino 
terminal amino acids of a human fibroblast inhibitor have been 
elucidated and described by Strickllnr G.P. , & Welgus, B.G. (1983) 
J. Biol. Chem. 253, 12252-12258 together with its amino acid 
"composition. The composition of, the material isolated by 
Stricklin and Welgus has significant differences when compared to 
the composition of the matter disclosed in this Patent, most 
strikingly Stricklin and Welgus claim that their inhibitor 
c ntains 24 1/2-cyst in residues wh r as the matter claimed in 
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this patent contains 12 1/2-cysteine residues. Similarlyr other 
amino acids of Stricklin and Welgus differ in their composition. 
Also the unambiguous identification of residues 8 and 15 of the 
first 23 amino acids was not disclosed by Stricklin and Kelgus. 
The composition of the carbohydrate and details of its linkages 
to the protein are not known r except that the carbohydrate l\es 
specificity that allows it to interact with concanavalin 
A-sepharose (Hurphyr.G., Cawston/ T.E., ReynoldSr J.J. (1981) 
Biochem.J. , 195 167-170) a property that aids purification of the 
inhibitor. 

Thus the structure of the nature (full length) fibroblast NIC is 
not known nor has the structure of the DNA coding for natural NIC 
been elucidated. It follows that the mechanisms by which KIC 
inhibits collagenase is also unknown. Biological testing "in 
vivo" of natural fibroblast derived NIC has not been disclosed. 
In an "in vitro" cell culture model of tumour cell migration 
through a natural basement membrane/ rabbit bone culture roedia 
derived NIC was able to arrest the migration of a collagenase 
secreting tumour cell line through such a natural membrane 
(Thorgeirsson, D.P* , Liottar L.A. , Kalebic, T. Marguliesr I.M., 
Thomas, K. , Rios-Candelorer M. (1982) JNCI, 1049-1054. 
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fiPTKP ngSCRTPTTOW OF THE DRAWINGS 

Figure 1 shows the entire sequence of the cDNA clone NIC 37-1, as 
determined by DNA sequence analysis. 

Figure 2 shows the nucleotide and amino acid sequence of hunian 
NIC* The amino acid sequence was derived from the DNA sequence 
and is shown above the DNA sequence. Amino acids are numbered 
from the first residue of the mature protein through to residue 
184. The signal sequence is numbered negatively. Potential 

■A 

glycosylation sites are underlined beneath the amino acid 
sequence. The polyadenylation signal is underlined beneath the 
nucleic acid sequence. 

Figure 3 shows the structure of the cDNA clone NIC 37-1 in 
relation to the encoded NIC protein. Some restriction sites are 
marked. The open box represents untranslated regions, the 
cross-hatched box the signal sequence and the filled-in box the- 
mature NIC protein. 

Figure 4 shows the general formula for all the possible synthetic 
cDNA sequences that can code for human NIC. The amino acid 
sequence is shown together with the possible DNA codon sequences 
theoretically able to code for each amino acid. 
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Figure 5 shows the sequence of 37 of the first 39 K terminal amino 

acids of the natural fibroblast derived purified NIC protein. 

Figure 6 shows a yeast shuttle vector pAyE4. 

Figure 7 shows a yeast shuttle vector pAyE4 with a yeast DKA 
sequence inserted into the HINDIII site to form pAYE4(34). The 
insert contains the pyruvate kinase gene and 5' and 3' flanking 
yeast DNA. 

Figure 8 shows the sequence of the synthetic oligonucleotide 
comprising the Avail to Hindlll pyruvate kinase promoter fragment. 

Figure 9 shows the construction of pAYEBS which reconstitutes the 
pyruvate kinase promoter by incorporating the synthetic 
oligonucleotide. 

Figure 10 shows the construction of pAYE86 which contains the 
yeast pyruvate kinase promoter followed by the alcohol 
dehydrogenase terminator. This plasmid has two HINdlll 
restriction endonuclease sites, one of which separates the 
promoter and terminator. 

1 

Figure 11 shows the removal of ithe unwanted Hindlll restriction 
endonuclease site to yield pAYEiBS. This expression plasmid 
permits the insertion of gene inserts at the Hind-Ili site 
separating promoter and terminator. 
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pr.PTWTTTOWS 

NIC refers to natural inhibitors of collagenase (and 
metal loproteinases related to collagenase) that have the anino 
acid sequence defined in this patent. They include inhibitors (of 
inetalloproteinases) synthesised by fibroblasts, chondrocytes, 
endothelial cells, tumor cells and connective tissue cells. 

Collagenase refers to enzymes capable of degrading collagens and 
matrix roacromolecules. Proteoglycanases refers to enzymes capable 
of degrading proteoglycanase and other matrix nacromolecules. 
Gelatinases refers to enzymes capable of degrading gelatin and 
other matrix macromolecules* 

RDHMARY OF THE TWENTTON 

The present invention is directed to the means and methods of 
producing human NIC via recombinant DNA technology including, (1) 
the discovery of the amino acid sequence of residues 1 ^ A9 
allowing the design of specific oligonucleotide probes; (2) the 
discovery and identity of the entire DNA sequence of the mature 
protein as well as its signal polypeptide, the 3« and 5' flanking 
region thereof and therefore the complete 1B4 amino acid sequence 
of the mature NIC protein? (3) the construction of cloning and 
expression vehicles comprising said DNA sequence, coding for the 
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human KIC protein, as well as (Met J fusion or signal N-terninus 
conjugates thereof; and (4) viable cell cultures, genetically 
altered by producing human NIC in physical state distinct from its 
existence in, or isolation from, a natural environment or source, 
such NIC, by virtue of its method of preparation described herein, 
being essentially free of human endogenous proteins and other 
native materials and substances. 

The KIC sequence may be accompanied by natural mammalian 
glycosylation, by yeast glycosylation or without glycosylation. A 
DNA or RNA sequence coding for the synthesis of NIC may be 
expressed in a plasmid in a eukaryotic or prokaryotic cell and is 
described by the polynucleotide sequence in Figure 2. One object 
of the invention is the production of natural mammalian NIC in 
mammalian cells through the use of an 'extra-chromosomal element or 
the addition of multiple copies of a NIC gene into the cellular 
chromosome* The DNA sequences coding for NIC are described in 
Figure 4. - 

Similarly, RNA polynucleotides can. be utilised to synthesise NIC. 
The RNA sequence is the same as the DNA sequence with deoxyribose 
- 'replacing ribose and uracil replacing thymidine. 

A plasmid containing an autonomously replicating element in 
combination with a DNA polynucleotide coding for NIC can be used 
in prokaryotic r eukaryotic systems. The prokaryotes include 
bacteria, such as E.c li. The ukaryotics include yeast and 
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vertebrate cells such as mammalian or avian. The plasmids coding 
for NIC ar utilised t transfect the cells, the cells are grown 
under conditions which promote the production of NIC and the NIC 
is isolated from both the cells and the media. The NIC is 
utilised to inhibit metalloproteinases by bringing NIC into 
contact with them. The contact can be achieved using a 
pharmaceutical composition suitable for use by injection, oral, 
topical, aerosol, or suppository administration. 

The metalloproteinases include but are not limited to 
collagenases, proteoglycanases, gelatinases, elastases, leukocyte 
metalloproteinases, tumour metalloproteinases, macrophage 
metalloproteinases and connective tissue cell metalloproteinases. 

The pharmaceutical composition may contain NIC at a concentrati n 
of at least 1.0 nanogram per milliliter. In a more preferred 
embodiment the NIC concentration is at least 1.0 milligram per 
milliliter of pharmaceutical composition. The pharmaceutical 
composition is administered in a pharmaceutically effective amount 
for the treatment of disease conditions where metalloproteinases 
are active in degrading macromolecules such as in connective 
tissues. Among the many diseases where NIC pharmaceutical 
compositions are useful are rheumatoid arthritis; corneal, 
epidermal or gastric ulceration; peridental disease states; 
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tumours or invasive cancer; dystrophic epidermolysis bullosa; and 
emphysema. The administration of the NIC compositions may be 
systemic or localr it may be accomplished by injectionr topical, 
oralr aerosol or suppository application. 

This invention is directed to the recombinant DNA production of 
human NIC in all of its aspects, and is not to be construed as 
limited to any specific details described herein and embraced 
within the compass of, this invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBQDTMEKTS 

The NIC *amino acid sequence was determined by first isolating the 
natural NIC molecule and determining the sequence of 47 of the 
initial 49 amino acids from the N-^terminus. From this amino acid 
sequence a mixture of 24 synthetic DNA sequences were synthesised 
which was known to contain one sequence exactly complementary to 
the mRNA coding for NIC. The poly-A mRNA was isolated from human 
fibroblast cells and cDNA was prepared using reverse** 
transcriptase, and used to transform E.coli. The mixture of 24 
synthetic DNA sequences were hybridized to the plasmid DNA on 
replica plates and 2 positive colonies containing plasmid NIC cDNA 

were detected and evaluated. , The cDNA coding for NIC was 

i 

sequenced and confirmed to bej the NIC DNA sequence by comparison 
with the known 49 amino acid beguence of natural NIC. The 
c roparison confirmed that the cDNA sequence isolated was the 
sequence coding for NIC. The NIC amino acid sequence is 
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illustratea in Figure 2. Also shown in Figure 2 is the cDUA 
sequence and the amino acid sequen e of the natural human leader 
sequence. The r striction pattern of the cDNA is shovn in Figure 
3. The DNA polynucleotides that will code for the amino acid 
sequence are illustrated in Figure 4. The NIC cDNA coding 
sequences were, excised from the cloning vector at the 5'XhoII site 
and the Rsal at the 3* end. This DMA sequence coding for NIC was 
placed between the unique Hindill and BamHI sites of yeast 
shuttle-vector pAYE89. DHl E.coli cells transformed with this 
/''J construct are ATCC number 39945. The construct without NIC DMA 
sequences inserted (pAYEB9) in DHl cells is ATCC 39944. 

The yeast cell used for expression of NIC protein with 
shuttle-vector pTC306 is strain X4B03-5B (Berkeley Yeast Stock 
//T Center, California) .\' The expressed NIC protein produced by vector 
pTC3B5-transformed yeast cells was assayed by testing 3n vitlP and 
was found to be active as an inhibitor of metal locollagenase. 

FvampiP 1 Td e n<-<fi ration f>f first 49 amino acids 
(1) rfll Culture 

Primary human foreskin fibroblast were cultured in roller bottles 
and grown up injRPMI 1648 (Gibco) supplemented with 1B% calf 
serum. On reaching confluence the cells were changed to 
Dulbfecco's Modified Eagles Medium (serum free) and maintained in 
this medium prior t harvesting the medium for NIC is lation. 
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(2) Proliein Pnrjfipatjon and Analvsis 

The harvested medium was concentrated IBBx, using a Millipore 
Pellicon Apparatus fitted with a 10,000 M.W. cut-off PTGC 
cas6ette# and stored at -20^c till required. Collagenase activity 
was assayed by measuring the degradation of ^^C labelled collagen 
using the assay described by Cawstonr' T«E. and Barrettr A.J. 1979 
Anal.Biochem. . 399 340-345, Inhibitor activity was assayed by 
determining the amount of sample required to inhibit 50% of the 
activity of a known amount of collagenase in the standard assay. 
NIC was purified from the concentrated medium using heparin- 
Sepharose chromatography, DEAE-Sepharose chromatography and 
Concanavalin A--Sepharose chromatography as described by conditions 
described in Cawston, T.E. , Galloway, W.A. , Mercer, E., Murphy, 
G. r and Reynolds, J.J. 1981 Biochem.J. 195 159-165. This provided 
protein which was homogeneous by SDS-gel electrophoresis of -^-^^i 
labelled purified NIC. To obtain 5mg of protein, approximately 
200 L of culture medium was processed. 

To obtain protein sequence data, 0.5mg of the purified NIC was 
«de-salted on Sepharose LH60 equilibrated with 30% formic acid in 

methanol* Protein sequence analysis was carried out under 

i 

contract by Applied Biosysiems Incorporated using a Gas Phase 

j 

Microsequenator. This analysis resulted in the identification of 
47 of the first 49 amino terminal amino acid residues (Figure 5) . 
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r,v^r-.niP 2 i cnipt^nn nf f^ nipsmifl contplpinq th'' NIC qenc 

(1) ^opRPnopr PWR Tsolation 

Primary human foreskin fibroblasts vere cultured to confluency in 
RMPI-a640 supplemented with 10% calf serum. Cells were detached 
from the surface by trypsinisation and were washed in PBS and 
pelleted. Total RN& from the fibroblasts was extracted by the 
method of Penman et al (Penman, S. , Smith, I. r Waltzroan (1966) 
Science JL51 786) . DHA was removed from the RNA by extraction with 
3M sodium acetate as described by Parish and Kirby (Parish, J.H. , 
Kirby, K. (1966) Biochem. Biophys. Acta iia 554). Poly A mRNA was 
purified from total BNA by oligo-dT cellulose chromatography 
(Ario, B. and Leder, P. (1972) Proc. Natl. Acad. Sci. 06A .££ 
1408-1412). 

(2) Pr«»parfti:ion anrl rio n ^nn ftf Complementary DNA to FibroMaSt 
r^n Wi>KRenQer RNA 

Okayama and Berg vectors were prepared by the published procedure 
Okayama, H., & Berg, P., (1982) Hoi. Cell. Biol. Z 161-170. Poly A 
' mRNA from the fibroblasts was annealed to the Okayama and Berg dT 
tailed vector under the conditions described by these authors. 
Approximately 2 pmoles of mRNA was incubated under annealing 
conditions with 1 pmole of fT tailed vector. The mRNA was 
reverse-transcribed into cDNA using the dT tails of the vector as 
an oligo dT primer for the reverse-transcriptas . The 
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reaction mix was standard except that RNasin was present to 
inhibit mRNA degradation. The cDNA was dC tailed, the vector 
circularised, the cDNA made double stranded, and the dG-dC and 
dT-dA joint repaired, all as described by Okayama and Berg, 

The ligation mix containing vector-cDNA molecules was used to 
transform E* coli K12 strain DH 1 to ampicillin resistance. The 
cells were made competent by the method of Hanahan,D., (1983) 
J.Mol.Biol. 166 557-580 • The efficiency of transformation 
obtained was 5x12^ colonies per microgram of pBR322 closed 
covalent circular DNA. About 25,000 recombinant colonies were 
obtained from lul of 36-4 mHMA. 

(3) Preparation of Synthetic DNA Oligomers for U se as NIC 

Screening Probes 

A mixture of 24 synthetic DNA oligomers, each 15 bases long were 
synthesised^ by the phosphoramidate method. These were designed to 
all possibilities for the section of mRKA encoding amino acids 38 
to 42 inclusive of the NIC protein: 



Amino Acid - Number from N terminus 38 39 40 41 42 
- Identification Tyr - Glu - He — Lys - Met 

Possibl e Codons TATA 

TA GA ATC AA ATG 
C G A G 
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(5} rQrr«>pn<nQ the Library 

The trBnsforined DHl cells were immeaiately spr ad onto LK agar 
plates containing IBBug/nl of ajnpicillin. After 15 hours growth 
at 370Cr colonies were replica plated onto nitrocellulose (S&S 
BA85) filters. The filters were placed on LM agar plates 
containing IBBug/ml- of ampicillin to maintain the replica 
colonies. The master-plates were re-incubated at 37**C to 
regenerate the originial colonies. The replica colony filters 
were transferred to LH agar plates containing I00ug/ml of 
ampicillin and 100ug/ml of chloramphenicol and replica colonies 
were incubated at 37°C overnight to amplify their plasmids. The 
DHA from each colony was then denatured and fixed to the filter 
by the procedure of Grunstein, H, , t, Eognes6,D.r (1975) 
Proc. Natl. Acad. Sci. 22 3961. Filters were prehybridized for four 
hours at 60Oc in 4xSET, (IxSET «= 0.15M NaCl, .03M Tris-Cl, 2inH 
EDTA, pBl,4) 10 X Denhardt's, 100ug/ml polyrA, 100ug/ml polyrC, 
50ug/ml denatured E. coii DHh, 0.1% sodium pyrophosphate and 0.1% 
sodium lauryl sulphate. The solution was then changed to a fresh' 
solution of the above containing 10 pmole/ml of the radiolabelled 
oligonucleotide probe mixturer specific activity 5x10^ cpm/pmole. 
Hybridization was at 30**C for 15 hours. Filters were washed 
extensively in 4xSET at 30^C, followed by one wash in IxSET at 
30*>C and finally by a 5 minute wash in IxSET at 37®C. Filters 
were exposed to Kodak XR-5 X-ray film with DuPont Lightning-Plus 
intensifying screens for 2 hours at -70°c. 
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(5) Characterization of PlflRniid PWA 

4 colonies hybridized with the mixture of 24 synthetic clicomeric 
DNA probes. Plasmid DNA was isolated from these colonies by a 
rapid miniscreen method (Holmes, D.S. i Quigley, M. r (1981). 
Anal*Biochem. 114 193) and the DMA was double-digested with PstI 
and PvuII restriction enzymes. 2 plasmids had inserts of just 
less than IKbs, one plasmid had an insert of 4 Kb and one an 
insert of 2.2Kbs, A large batch of CsCl purified plasmid DNA was 
prepared from each of these bacterial colonies. 

The DMAs were extensively restriction mapped and Southern Blots 

f Pst I - Pvu II digests of each plasmid DMA were made. The 
Southern Blots were hybridized to the mixture of 24 synthetic 
oligoineric DNA probes at 30^c in 4xSET as described above. Blots 
were then washed at 37®C in IxSET and exposed to X-ray file with 
intensifying screens at -70^C for 3 hours. All the plasmid cDNA 
inserts hybridized with the probe mixture. The blots were then 
washed at 47^0 in IxSET and re-exposed to X-ray film as 
described, but for 24 ^hours. The 2.2 Kb cDMA insert no longer 
hybridized to the probesr and so was eliminated. 

Of the two plasmids containing cDNA inserts of less than one 
kilobase, one insert was estimated as 960 bases and the other as 
860 bases. Restriction' mapping showed that the 860 base insert 
was a 5" truncated v rsion of th 960 base cDMA insert. 
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Therefore the 960 base cDNA doner NIC 37-1, was preferred for 
sequencing. T defin whether the remaining clone* NIC 6-1, 
containing e 4Kb insert, or the NIC 37-1 clones containing the 
960/B60 base inserts, encoded the NIC protein, a second synthetic 
DNA probe was designed. This probe was 24 bases long and 
utilized the preferred mammalian codons encoding the amino acids 
35 to 42 of NIC protein:- 

•^^tyr gin arg tyr glu ile lys met*^ 

UAC CAG AGG UAC GAG AUC AAG AUG Preferred mRNA codons 

3'ATG GTC TCC ATG CTC TAG TTC TAC 5» ANTISENSE PROBE 

The probe was the antisense strand complementary to the mRNA and 
was not a mixture as before, as only the preferred mammalian 
codon for each amino acid was synthesized. 

The NIC 37-1 (960 b) and NIC 6-1 (4 kb) cDNA inserts were cut out 
of their vectors by Bind III - Pvu II restriction digestion. 
Each of the two cDNA inserts were Alul - Bae III digested and th 
resulting fragments were cloned into bacteriophage M13 mp8, cut 
'with Sma I, and dephosphorylated. The recombinant M13 
bacteriophage were amplified from plaques and single-stranded 
recombinant M13 DNA was prepared by standard techniques (H13 
Cloning and Sequencing Bandbook (19B3) Publ. by Amersham Int.). 
The single-stranded DHAs w r d t-blott d onto nitrocullulose 
filters, and wer hybridized t the single 24 base oligomeric DNA 
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probe, in 4xSET at 25^0. DNA from two out of 6B reconbinar^r KIC 
37-1 M13 phage hybridized but none of the DNA prepared fron 166 
recombinant NIC 6-1 M13 phage hybridized. The original plesmids 
were denatured and dot-blotted also, DRA from NIC 6-1 cDKA clone 
did not hybridize whereas DNA from NIC 37-1 did hybridize to the 
single 24 base synthetic DNA probe. Thus the longer, single 
probe differentiated between the two clones whereas the mixture 
of 24 oligomerSf each 15 bases long/ could not. An M13 NIC 37-1 
clone which hybridized to the 24 oligomeric probe was sequenced 
by the dideoxy method. One of the 3 reading frames of the 
sequence obtained corresponded to the part of the NIC protein 
whose amino acid sequence was known, and thus clone NIC 37-1 was 
confirmed to encode the NIC protein. 

ExflTTiple 3 Amino scid sequence of NIC 
(1) Sequencing 

The cDNA insert of NIC clone 37-1 was sequenced by the Maxam and 
Gilbert procedure (Haxam, A., and Gilbert, W. , (1980) Methods in 
Enzyxnol. 65, 499) and by dideoxy sequencing after subcloning 
fragments into the M13 vector mp 8 (Hessign, J. & Vieira, J« , 

(1982) XI 269-276} • The full selguence is shown in Figure 1. 

I ■ ; 

Clone 37-1 was found to contain a sequence 798 base-pairs in 
length (the dG.dC tail of 29 bases at the 5" end and the dA-dT 
tail f some 120 bases at the 3' nd of the insert are not 
included) • There is an open r ading frame of 621 nucleotides 
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encoding a protein of 207 amino acids initiated with the ar.ino 
BCid inethi nin (Figure 2) . The sequence around the ATG 
initiation codon concords with the consensus sequence Jaxxatgg for 
eukaryotic initiation reported by Kozak ((Kozakr M.» (1981) 
Nucleic Acids Res. 1 5233-5252). 

The 5' untranslated region is 77 bases long and the 3' 
untranslated region. is 100 bases long. The polyadenylation signal 
AATAAA precedes the first dA of the 3' tail by 15 residues. The 
first 23 amino acids of the protein derived from the DNA sequence 
correspond to a typical signal sequence of an exported mammalian 
protein. These amino acids are labelled -1 to -23 in Figure 2. 
The amino acid marked +1 on Figure 2 is the same as the K-terminus 
amino acid of the secreted NIC isolated from the human foreskin 
fibroblast mediumr which would be expected if the signal sequence 
is cleaved off during secretion. Amino acids +1 to +49 derived 
from the DNA sequence of clone 37-1 coincide with the N-terninus 
amino acid* sequence obtained by peptide sequencing of secreted NIC 
protein. There are two possible glycosylation sites AsnxJ^J, . 
which are underlined in Figure 2. 

' Figure 3 shows the structure of the cDNA insert of 37-1 with som 
restriction sites referenced with respect to the positions of the 
non-coding (open box) and coding (solid box) regions of the 
nucleic acid sequence. The signal sequence within the coding 
regi n is cross-hatched in the diagram. 
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Exampilft 4 — SvntrhPsSc nf DWA cod j no for W7C 

Based upon the amino acid sequence of NIC disclosed in Figure 2 
other DHA sequences can be constructed which also code for the 
synthesis of NIC. The potential DNA sequences coding for NIC are 
described in Figure 4. The following table describes the DNA 
sequences which could code for each amino acid. 
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1ASL£ 









van 


/iC^ w 








Arg 


SGD 


Gly 


GGN 


Leu 


YTB 


Val 


GTN 


Ser 


QZE 


Lys 


AAR 


Thr 


ACN 


Asn 


AAY 


Pro 


CCN 


Gin 


CAR 


Ala 


6CN 


BiB 


CAY 


Glu 


GAR 


Asp 


GAY 


Tyr 


TAY 


Cys 


TGY 


Phe 


TTY 


lie 


ATL 


Ket 


ATG 


Trp 


T6G 



KEY: 

A « A, C = C, G « G, T « T, Y = C or T, R » A or G, 

L e A or C or T, N s A or C or T or G, 

S = A or C, Q " A or T, 

IF S <= A THEN D » R 

IF S » C THEN D « N 

IP y = T THEN B e R 

IP y « C THEN B » N 

IF Q » A THEN Z « G AND E « Y 

IF Q B T THEN Z » C AND E N 
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The individual DNA sequences can be constructed using standard 
polynucleotide synthetic procedures such as the phosphorariidate 
method. Similiarly RNA sequences can be constructed where the 
sequence is the same as that of the DNA in Figure 4r but where 
ribose replaces deoxyribose and uracil replaces thymidine. 

The DNA sequences in Figure 4 coding for NIC can be inserted into 
prokaryotic and eukaryotic cells. Insertion by transformation is 
usually accomplished by plasmids but can also be accomplished 
using transforming viruses. The NIC DNA can also be inserted into 
the host cell DNA to increase the gene dosage allowing increased 
NIC synthesis* 

Plasmids containing the NIC gene can be expressed in bacterial 
cells to produce NIC without glycosylation. Plasmids in yeast or 
vertebrate cells can be expressed to produce NIC with the 
corresponding yeast or vertebrate glycosylation* In mammalian 
cells, such as human cells, the NIC produced is identical in 
character to that secreted from normal human fibroblasts. 
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Evar.ple 5 Congtr n ction of n veafft expreRSion vector 

The pyruvate kinase gene together with its 5» and 3» flanking 
sequences Including the pyruvate kinase promoter end terminator 
was isolated by standard techniques (Burke et al. 19B3). A yeast 
shuttle vector pAYE 89 was constructed that was able to replicate 
in both yeast and S^ssill- The plasmid permits a foreign gene 
sequence to be inserted and permits the expression of that gene 
under the control of the pyruvate kinase promoter. 

A Hind III DNA restriction fragment (c. 5bp) was inserted into the 
Hind III site of plasmid pAYE 4 (Figure. 6) to produce pAYE 4 (34) 
(Figure 7). This plasmid was digested to completion with the 
restriction endonucleases EcoRl and Xbal to produce eight DNA 
fragments. The c.470 bp fragment was isolated. This fragment 
which spans the promoter and the structural gene contains an Ava 
II restriction endonuclease site. The fragment was cut into two 
further fragments of 330. bp and 140 bp in length by incubation 
with Ava II restriction endonuclease and the 330 bp fragment was 
isolated. • The EcoRl Avail fragment was ligated to the synthetic 
oligonucleotide shown in Figure 8 and a 440 bp Eco Rl to Bind III 
fragment containing a single Ava II restriction site isolate^. 

This EcoRl - Hind III fragment was inserted into pBR322 after 
digestion of the plasmid with EcoRl 4nd Hind III restriction 
endonucleases and recovery of the 4207 bp fragment. 
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' The resulting plasinid pAYEBS {Figure 9) was cut with Hind III and 
EcoRl restriction endonucleases and the c, 440 bp EcoRl to Kind 
III DNA fragment isolated. pAYE 4 (34) was cut with the sar.e two 
enzymes and a 3 kb Bind III - EcoRl fragment was isolated* 
pjDB2B7 containing the ADHl terminator was cut with Bind III 
restriction endonuclease. The three fragments containing upstream 
proiTioter sequences r downstream promoter sequences and ADHl 
terininator sequences were ligated together to give pAYE 86 (Figure 
10) . 

This plasmid has the pyruvate kinase promoter and alcohol 
dehydrogenase terminator I (ADHl) separated by a Hind III 
restriction endonuclease site. There is a further Hind III 
restriction site upstream from the pyruvate kinase promoter. This 
latter site was eliminated after partial digestion of the plasmid 
with Hind III restriction endonuclease to linearise the plasmid. 

The resulting plasmid, pAYE 89, has a unique Bind III restriction 
site between the pyruvate kinase promoter and the alcohol 
dehydrogenase I terminator that permits the insertion of any 
foreign structural gene (Figure 11) • 

(1) .ConBtiucti pn Pf , a yeant express i on vector fpr «IC 

The complete NIC gene, including the signal sequence, the 

3 '-untranslated region and 35 bp from the 5 '-untranslated region. 
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as inserted into the yeast shuttle plasmidr pAYEBS, such that 
xpression is under control of the PK (pyruvate kinase) promoter. 

(a) Preparation of vector 

Pla&mid pAYE 89 (IBugs) was digested with ^Hlndlll (30 
units) in 150ui of SDmH HaCl, 50iiiM Tris BCl pH7.8 and 
10inM MgCl2 at 37^C for 2 hours. The reaction was then 
made 150niH NaCl and incubated at 37^C for a further 3 
hours with £aiD Bl (25 units) . Digestion was terminated 
by incubating the reaction at 65^C for 10 minutes 
followed by extraction with phenol • DNA was recovered 
by ethanol precipitation, washed with 80% ethanol, dried 
and resuspended in 25ul of 10jqH Tris pH7,8. The 
resulting sticky ends were rendered blunt by incubation 
with 5 units of DNA polymerase I (Klenow fragment) in 
50ul of 50mM Tris BCl pH7*8r iBmH HgS0^, 0.1mH DTTr 
20BuH dATP, 200UH dCTP; 200uH dGTP and 200uM dTTP for 30 
minutes at 30^C. Following incubation at 65^c for 10 
minutes to inactivate the polymerase r the large vector 
fragment (about 8100bps) was isolated by gel 
electrophoresis on a 1% agarose gel in TEE buffer. The 
fragment was recovered by electroelution onto DE52 
followed by ethanol precipitation. After an 80% Ethanol 
wash the dried pellet was resuspended in 200uls of 50iiM 
Tris-BCl pB7*8, 10mM MgCl^ and incubated at 37^C for 1 
hour with 20 units f Calf Intestinal Phosphatase t 
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remove S'-terrninal phosphate groups. Protein was 
r moved by phenol extraction and the DMA recovered by 
Ethanol precipitation washed and dried. It was then 
resuspended in 30ul of IBmH Tris-HCl pH7.5, IroM EDTA at 
a concentration of 50ug/inl. 

Preparation of KIC gene insert 

Plasmid T37-1 (40ug6) was digested with endonuclease £sfl 
I (50 units) in 300uls of 50nH Tris-HCl pB7.8r 50inM NaCl 
and IBmM HgClz for 4 hours at 37 ®c. Following the 
addition of 100ul6 of gel loading buffer the reaction 
was heated at 65°C for 10 minutes and then fractionated 
on a preparative 1.2% agarose gel in TBE buffer. The 
second largest band (980 bps), containing the entire KIC 
gene was electroeluted onto DE52 and recovered by 
ethanol precipitation. The DNA pellet was washed with 
80% ethanolr dried and resuspended in 300ul6 of 10niM 
Tris-HCl pH8 and IBnM Hg02. it was then digested with 
30 units of Xhsll for 4 hours at 37<>C to produce a 926 
bp fragment containing 35 bases of the 5 '-untranslated 
regioHr the entire NIC coding region and the 
3 '-untranslated region with the poly A tail. This was 
then purified on a 1.2% agarose gel in TBE buffer and 
recovered by electroelution onto DE52 and ethanol 
precipitation. The dried pellet was dissolved in 25uls 
of IBmH Tris-HCl pH7.5, ImM EDTA. The Xhfill sticky nd 
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was made blunt using 5 units ofDNA polymerase 1 (Klenow 
fragment) in 60uls of 50mM Tris-BCl pH7.8, IBmM MgS0^, 
B.lmM DTT, 40CuM dATP, 400UM dCTP, 4B0uM dGTP and 400 uM 
dTTP at 30*>C for 30 minutes. Following extraction with 
phenol the fragment was precipitated with ethanol. The 
DNA pellet was washed vith 80% ethanol, dried and 
resuspended in 30uls of 10niM Tris-HCl pH7.5 and InH 
EDTA. 

Ligation and Transformation 

Blunt ended vector and gene fragments at a molar ration 
of 2:1 were then ligated together by T4 DNA ligase (400 
units, BIOLABS) in 100uls of 50mM Tris-HCl pHB, 10roM 
HgClj, 20mM DTT and 1 ATP for 16 hours at 15°C, This 
ligation mix was then used to transform E.coll K12 
strain BJ/1 to ampicillin resistance by the standard 
procedure. Plasmids containing the NIC gene in the 
correct orientation were identified by restriction 
analysis and used to transform E.coli K12 strain HB101. 
DNA sequence analysis on plasmid DNA purified from 
E.coli K12 strain HB101 transformants was used to 
confirm that the plasmid sequence was as designed. 
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(2) Eyprgsfiion of NTC in V€>est 

The plasmid pTC306 was introduced into yeast strain 
(Berkeley Yeast Stock Centre) by standard yeast transfornation 
techniques (Beggs J.D. Nature 223, 104-109 (1978) and 
transforinants selected on the basis of their ability to grow on 
comp.' ete medium minus leucine with 1*2 m sorbitol* 

Individual clones were isolated by streaking onto complete medium 
minus leucine. Individual colonies were used to inoculate 10 
ml» cultures of YEPD medium (1% yeast extract^ 2% Bactopeptone, 
2% glucose). Cultures were grown at 30^C to an Aggg of 1-2. 

Cells were collected by centrifugation and the medium was assayed 
for NIC activity. Cells were resuspended in 1 ml. of phosphate 
buffered saline (20 mH sodium phosphate pB 7.0 plus 0.14* m NaCl) 
anr 2 gr. of glass beads {0.45*50 mm diem). The cells were 
broken by vortexing 5x1 min with cooling in ice between vortex 
cycles. Cell extract vas recovered and the cell debris removed 
by centrifugation. The cell-free extract was assayed for NIC 
biological activity, as described in Example 1. Amounts of NIC 
expressed varied from 0.1 to 0.8 units/ml (units are defined by 
Cawstonr T.E. Murphyr G. r Kercerr # Galloway, W.A. , Eazleman 
B.L.r Reynolds, J.J, (1983) Biochem.J. 211 313-318). 
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The NIC molecule binds to xnetalloproteinas s on a 1:1 basis which 
is essentially irreversible. We determined the NIC dissociation 
constant (Kd) to be 5 x 10^^^ molar. To be pharmaceutically 
effective the administration of NIC should be in an amount that 
effectively inhibits the metelloproteinases in the area to be 
treated* The NIC administration may be by any effective route 
including injectionr intravenous, intramuscular or subcutaneous; 
topical in ointment or lotion? orally in a pharmaceutical 
composition that releases the NIC in the area to be treated; 
aerosol into the area to be treated? or suppository form that 
releases the NIC at a pharmaceutically effective rate* 

The pharmaceutical compositions may be combined with other 
ingredients that are effective in the treatment of disease 
conditions wherein metalloproteinases are active. Among the 
preferred other ingredients are anti--inf lammatory compounds and 
inhibitors of elastase (serine proteinase). These combinations 
with NIC are expected to better inhibit the complete range of 
'cellular proteinase activities* 

When applied, the composition may be combined with other 
ingredients, such as carriers* There are no limitations on the 
nature of such carriers except that they must be pharmaceutically 
acceptable* The composition may be ointments or suspensions. 
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trensdermel patches, plasters, bandages, pills, tablets, 
lozenges, suppositories or injectable liquids. 

The NIC compositions may be used for parenteral administration 
along with acceptable carriers such as saline. The injection may 
be by any acceptable route including intramuscularly, 
intra-articularly, intravenously, or subcutaneously. 

The ^i^unt of NIC in the pharmaceutical composition is ''e'^ 
effective amount for treating the disease condition. The dosage 
is minimally the amount that is effective at inhibiting the 
metalloproteinase in the area to be treated. Expected dosages 
are to be with a pharmaceutical composition containing mere than 
1 nanogram per milliliterr preferably more than 1 milligram per 
inilliliter of composition. Dosages administered are to be 
increased until inhibition of the metalloproteinases is complete. 
Further suitable carriers, compositions and formulations 
acceptable for pharmaceutical use are described in Remmington's 
Pharmaceutical Sciences by E.W. Martin which is hereby 
incorporated by reference* ^ 

Notwithstanding that reference has been made to particular 

preferred embodiments, it will be understood that the present 

i 

invention is not to be construed as limited to such, rather to 
the lawful scope of the appended claims. 
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Ke claim: 

1. A composition of matter comprising the 184 Amino Acid 
Sequence of NIC. 

2. The composition of matter of Claim 1 in substantially pure 
form and accompanied by yeast glycosylation. 

3. The composition of matter of Claim 1 in combination with the 
23 Amino Acid signal sequence. 

4. The composition of matter of Claim 3 when accompanied by 
yeast glycosylation. 

5. A composition of matter comprising a DNA polynucleotide in 
substantially pure form coding for the polypeptide NIC 
selected from the DNA structure of Figure 4, 

e. The DNA polynucleotide of Claim 5 in substantially pure form 
comprising the sequence of Figure 2. 

7. A DNA polynucleotide of Claim 6 in combination with a DNA 
polynucleotide coding for a signal sequence comprising the 

-DNA sequence of Figure 2. 

8. A composition of matter comprising an RNA polynucleotide with 
the polynucl-eoti'de sequence of Claim 5 wherein the 

deoxy ribonucleotides are replaced by ribonucleotides anfl 
thymine is replaced by uracil. 

9. A plasmid comprising ah autonomously replicating element 
containing a DNA polynucleotide of Claim 5. ; 

10. A plasmid of Claim 9 comprising th plasmid pTC3B6 ATCC 
39945. 
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11, k method for the production of the compound of Clair. 1 or 
Claim 2 comprising: 

a) transforming a micro-orgar ism with the plasmid of 
Claim 9; 

b) fermenting the said transformed micro-organism; 

c) isolating the compound of Claim 1 or Claim 2 from the 
fermentation. 

12. The method of Claim 11 wherein the micro-organism is a 
prokaryotic cell. 

13 • The method of Claim 12 wherein the prokaryotic cell is 
Escherichia coli. 

14. The method of Claim 11 wherein the micro-organism is e 
eukaryotic -cell. 

15. The method of Claim 14 wherein the eukaryotic cell is yeast. 

16. The method of Claim 15 wherein the yeast is X4B03-5B. 

17. A method for the production of NIC comprising: 

a) - Transforming a vertebrate cell with the plasmid of 

claim 9; 

b) Growing the transformed cell and producing NIC; 

c) Isolating the NIC from the transformed cell and media. 

IB. The method of claim 17 wherein the vertebrate cell is a 
mammalian cell. 
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19. A method f inhibiting the action of any metallo-proteinase 
comprising the contacting of th metallo-proteinase anc the 
compound of Claim 1 or Claim 2. 

20. The method of Claim 19 wherein the metallo-proteinase is any 
collagenase. 

21. The method of Claim 19 wherein the metallo-proteinase is any 
proteoglycanase . 

22. The method of Claim 19 wherein the metallo-proteinase is any 
gelatinase, 

23. The method of Claim 19 wherein the metallo-proteinase is any 
leukocyte metalloproteinase. 

24. The method of Claim 19 wherein the metallo-proteinase is any 
macrophage metalloproteinase. 

25. The method of Claim 19 wherein the metallo-proteinase is any 
tumour cell metalloproteinase. 

26. A composition of matter for the treatment of any metallo- 
proteinase dependent diseases comprising a therapeutically 
effective amount of the compound of Claim 1 or Claim 2 in 
combination with a pharmaceutically acceptable carrier. 

'27. The composition of matter of Claim 26, wherein the compounds 
are present in an amount of at least 1.0 nanogram per 
milliliter of composition. 

28. The composition of Claim 26, wherein the compounds are 

present in an amount of at least 1 milligram per milliliter 
of composition. 
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29. The composition of Claim 26, 
for topical application. 

30. The composition of Claim 26, 
for injection. 

31. The composition of Claim 26, 
for an aerosol. 

32. The composition of Claim 26, 
for a suppository. 



wherein the carrier is suitable 



wherein the carrier is suitable 



wherein the carrier is suitable 



wherein the carrier is suitable 
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GCA GSB GGG 6BG BGG GG5 GGG GGG 6G6 GG6 GftC AIT TAT CCT CTA 
BC6 CTC ADD CCC T6C CGC CAT CGC CGC A6A TCC AGC CCC CAC AGA 

MET-AUA-PRO-PHE-BLU-PRO-LEU-ALA-SER- 
GAC ACC ABA GAA CCC ACC ATB 6CC CCC TTT BAB CCC CTG GCT TCT 

VO • 

GLY-ILE-LEU-LEU-LEU-LEU-TRP-LEU-ILE-^LA-PRO-SER-ARM^ 

BBC ATC CTG TT6 TTG CTG TGB CTG ATA GCC CCC AGC A6G BCC T6C 

THR-CYS-^AL-PRO-PRO-HIS-PRO-GLN-THR-ALA-PHE-CYS-ASN-SE^ 
ACC TBT GTC CCA CCC CAC CCA CAG ACQ GCC TTC T6C AAT TCC GAC 

5o 30 
I rn-^JAL -11 E~AR6-ALA-LYS-PHE-VAL-GLY-THR-PR0'GLU--v;AL-^SN-6LN- 

cf C^C ATC 2bG GCC mI TTC GTB CBB ACA CCA BAA GTC CAG 

4.5" 

XHR.THR-LEU--rrR-6LN-AR6-TYR-6LU-ILE-LYS-HET-THR-LYS-MET-T^^ 
ACC ACC TTA TAC CAG CGT TAT GAG ATC AA6 ATG ACC AAG ATB TAT 

LYS-BLY-PHE-6lS-ALA-LEU-6LY-ASPW^LA-Al^-ASP-lLE-ARG-PHE-VAL^ 
AAA GGG TTC CAA BCC TTA 6GB BAT BCC GCT GAC ATC CGG TTC GTC 

TYR-THR-PRO-a15^-MET-6LU-SER-VAL-C?S-GLY-TYR-PHE-H1S^^^ 
TAC ACC CCC eCC ATG BAG ACT GTC TGC GBA TAC TTC CAC ABB TCC 

60 'SB '^O 

HI S-ASN-ARB-SER-GLU-BLU-PHE-LEU-I LE-ALA-GLY-LYS-LEU-BLN-ASP- 
CAC AAC CGC AGC GAG GAG TTT CTC ATT GCT EGA AAA CTG CAG GAT • 
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<?r too * 

GLY-LEU-LEU-Hl 6-1 LE-THR-THR-CYS-SER-PHE-UAL-ALA-PRO-TRP-ASN- 

GGA CTC TTB CAC ATC ACT ACC T6C AGT TTT GT6 GCT CCC TGG AAC 

WO h5 
SER-LEU-SER-LEU-ALA-GLN-ARG-ARG-GLY-PHE-THR-LYS-THR-TYR-THR- 

AGC.CT6 AGC TTA GCT CAG CGC CGG G6C TTC ACC AAG ACC TAC ACT 
inC *20 

val-gly-cys-glS-glu-cys-thr-ual-phe-pro-cys-leu-ser-ile-pro- 

GTT GGC TGT GAG GAA TGC ACA GTG TTT CCC TGT TTA TCC ATC CCC 

140 /45 
CYS-LYS-LEU-GLN-SER-GLY-THR-HI S-CYS-LEU-TRP-THR-ASP-GLN-LEU- 
?6C AAA CT6 CAG AGT GGC ACT CAT TGC TTG TGG AC6 GAC CAG CTC 

f?jr UD 165 

LEU-GLN-GLY-SER-GLU-LYS-GLY-PHE-GLN-SER-ARG-HIS-LEU-ALA-CYS^ 
CTC CAA GGC TCT GAA AAG GGC TTC CAG TCC CGT CAC CTT GCC TGC 

l'?'^ 

LEU-PRO-^RG-GLU-PFO-GLY-LEU-CYS-THR-TRP-GLN-SER-LE^^^^ 

CIG CCT CGG GAG CCA 6GG CTG TGC ACC TGG CAG TCC CTG CGG TCC 



CAG ATA GCC T6A ATC CTG CCC U6A GTG GAA GCT GAA GCC TGC ACA 

'gTG TCC ACC CTG TTC CCA CTC CCA TCT TTC TTC CGG ACA ATG A^A 
TAA AGA 6TT ACC ACC CAG CAA AAA AAA AAA AAA P.AA AAA AAA AAA 
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TIMF DNA SEOUENCES 



C-|£-TKR-CyB-VAL-PR0-PR0-hIS-PRD-GLN-7HP.-ALA-PHE-CYS-ASN-£ER-A=.r- 
T6Y AO-i TBY 6TN CCTv CCN ZA% CCN CAR AQ^ GCN TTY TuY AAY OZE GAY 

LEU-UAL-IL£-ARG-ALA-LYS-PHE-<^AL-6LY-THR-PR0-6LU-yAL-ASrg-GLN-7HR- 
YTB GTN A7L SuD GCN AAR TTY GTN 6GN ACf>S CCN GAR GTN AAY CAR ADv 

TKR-LtU-TYR-6LM-AR6-TYR"GLU-ILE-LYS-MET-THR-LY£-MtT-TYR-.Y£-GLY- 
ACN YTE T«Y CAR SGt> TAY GAR ATL AAR AT6 ACN AAR «7B TAY AAR 5GN 

FKE-GLr4-AiL.A-LEU-GLY-ASP-ALA-ALA-ASP-ILE-AP.G-FK£-VAL-TYR-TK?-PR0- 
TTY CAR GCf-* \TB GGM GAY GCN GCN GAY ATL SGD TT^' GTN TAY CCN 

Al.A-KET-GL-<-£t»-^'AL-CYS-GLY-TYR-PHE-HIS-ARB-BER-hIS-ASf'J-ARG-SER- 
GCN ATc GAR CZE GTN TGY 66N TAY TTY CAY SGD 02E CAY AA^' SGD QZE 

GLv-Guv-FHE-LEU-: LE-^LA-6LY-LYS-LEU-6LN-ASP-6LY-LtU-LEU-HI S-i LE- 
6AR GAR TTY YTB ATL GCTm' G®^ AAR YTB CAR GAY GG1>I ^TB YTB CAY ATL 

THR-THR-CYS-SER-PHE-W^AL-ALA-PRO-TRP-ASN-SER-LEU-SER-LEU-ALA-GLN- 
ACN ACN TGY 02E TTY GTN BCN CCN TGG AAY QZE Y7B DZE YTB GOW CAR 

ARG-AR6-6LY-PHE-THR-LYS-THR-TYR-THR-UAL-GLY-CYS-GLU-GLU-CYS-THR- 
S6D SGD Q&i TTV ACN A«R ACN TAY ACN GTN 66N TGY GAR GAR TGY ACN 

WAL-FHE-r?;0-CYS-LE'J-SER-2LE-PR0-CYS-LYS-LEU-BLN-SER-GLY-THR-HiS- 
GTN TTY CC:>i T6^' YTB OZE ATL CCN TGY AAR YTB CAR OZE GGN ADn' CAY 

CYS-LEU-TRP-THR-ASP-GLN-LEU-LEU-GLN-GLY-SER-GLU-LYS-GLY-s-HE-GLN 
TGY YTB TGG ACN GAY CAR YTB YTB CAR GGN QZZ GAR AAR GGN TTY CAR 

SER-ARG-HIS-LEU-ALA-CYS-LEU-PR0-AR6-6LU-PRO-6LY-LELI-CY5-THR-TRP 
QZE SGD CAY YTB GCN TGY YTB CCN SGD GAR CCN GGN tTt TGY TGG 

6LN-SER-LEU-AR6-SER-GLN-I LE-ALA- 
CAR OZE YTB SGD CZE CAR ATL GOvJ 



KEY 

A=A, C=C, 6=G, T=T, Y=C or T, R «= A or G, 

L «= A or C or T, N = A or C or T or 6| 

S = A or C, Q = A or T, 

IF S « A THEN 0 B R 

IF S B C THEN D B N 

IF Y B T THEN B = R 

IF Y e C THBm B = N 

IF 0 B A THEI^ Z B 6 AND E = V 

IF Q «= T THEN Z = C «iND E = 'i 
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CYS THR CYS VrtL F^O PRO hi 5 PRO GLn THR 
ALA PHE CY5 ASN SEF, ASP LEU VAL ILt ARG 

ALA lYS PHE VAL SLY THR PRO GlU VAL 

GLli THR THR LEU TYR GLN ARu TYR GLU I LE 
LYS MET LYS MET TYP LY5 GLY PHE 
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Fig. 6 



pAYE 4 



.•2.55bp 




111 



Kot drawn to scale 
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Fig. 7 

pAYE 4 (34) 




Mot dravm to scale 
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Fig. 8 

YEAST .PYRUVATE KINASE PROMOTER (Modified to Introduce Bindlll site) 
Avail 

GGTCCCCTrTCJWAXnTATTCTCTACTCTTT^ 
CCAGGGGAAAGTTTCAATAAGAGATGAGAAAAAGTAT 

TirATrCTTTTTrATCCTTTCGrTTTTTATTCTTAAC 
AAGTAAGAAAAAGTAGGAAACCAAAAAATAAGAATTG 



TWnriTATTATTCTCTCTTCTTTCT 
AACAAATAATAAGAGAGAACAAAGATAAATGT7CGAA 

BindllZ 
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Figai 12/ . , . 
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Partial dlQestion with Bindlll 

DKA polynerase filling of sticky ends 
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